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A master node in a VNE receives and stores topology /101

information reported by nodes except the master node in
the VNE

y

The master node performs, according to a topology type 102
of the VNE, topology verification for all topology /
information locally stored on the master node

y
The master node calculates internal paths in the VNE and 103
weights of the internal paths according to the topology /
type and the topology information after the topology
verification is passed

y
The master node generates and stores an internal routing 104

entry according to the internal paths and the weights of /
the internal paths and sends the internal routing entry to
the nodes except the master node in the VNE
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ROUTE CALCULATION METHOD AND
MASTER NODE DEVICE IN VIRTUAL
NETWORK ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Patent
Application No. PCT/CN2011/074664, filed on May 25,
2011, which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

Embodiments of the present invention relate to the field of
communications technologies, and in particular, to a route
calculation method and a master node device in a virtual
network element.

BACKGROUND OF THE INVENTION

A virtual network element (Virtual Network FElement,
VNE) is a cluster router technology. Multiple routers in a
two-layer or multi-layer convergence structure are virtualized
and converged, based on software technologies, into a virtual
convergence node, which is externally presented as a single-
image cluster router. A control plane and a management plane
of'the VNE are integrated in a master router, that is, a master
node. Another router functions as a standby node and other
routers are slave nodes. All nodes within the VNE can per-
form traffic forwarding.

Within the VNE, generally routers that have a large capac-
ity, a high performance, a high-performance central process-
ing unit (Central Processing Unit, CPU), and a higher net-
work position serve as a master node and a standby node. The
master node collects an internal topology of the VNE, per-
forms corresponding calculation to generate an internal For-
warding Information Base (iFIB), and then delivers the iFIB
to other nodes to complete route calculation within the VNE.
When a packet enters the VNE, the iFIB is queried first to
obtain an outbound interface of the VNE and then the packet
is forwarded to a corresponding VNE node; and then when the
packet reaches the node where the outbound interface resides,
an external Forwarding Information Base (eFIB) is queried to
obtain a next hop and then the packet is forwarded from the
VNE. In view of the whole forwarding process, the VNE
externally shields internal interconnection details and is pre-
sented as a single-image super node, and from a perspective
of'an entire network topology, itis a route node that externally
provides a unified eFIB for forwarding packets.

The VNE technology simplifies a network topology,
improves route convergence and stability, and reduces man-
agement complexity. Compared with a multi-chassis router,
the VNE does not require introducing a dedicated intercon-
nection device or an interconnection interface technology.
This protects the existing investment, saves investment, and
reduces operation and maintenance costs. In addition, accord-
ing to a network application, devices of different models and
forms may be converged to reduce device maintainability.

An existing solution for calculating an internal topology
within the VNE is an On Demand Routing (ODR) technology.
However, the ODR technology has a small application scope,
and is applicable only to a hub-spoke (hub & spoke) topology
but not applicable to other topology structures such as a
dual-homing tree and a ring.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a route cal-
culation method and a master node device in a virtual network
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2

element to implement calculation of internal routes in the
virtual network element in various topology structures.

An embodiment of the present invention provides a route
calculation method in a virtual network element, including:

receiving and storing, by a master node in the virtual net-
work element, topology information reported by nodes
except the master node in the virtual network element;

performing, by the master node, according to a topology
type of the virtual network element, topology verification for
all topology information locally stored on the master node,
where the stored topology information includes topology
information about the master node and the topology informa-
tion reported by the nodes except the master node in the
virtual network element;

calculating, by the master node, internal paths in the virtual
network element and weights of the internal paths according
to the topology type and the topology information after the
topology verification is passed; and

generating and storing, by the master node, an internal
routing entry according to the internal paths and the weights
of'the internal paths and sending the internal routing entry to
the nodes except the master node in the virtual network ele-
ment.

An embodiment of the present invention further provides a
master node device in a virtual network element, including:

a receiving module, configured to receive topology infor-
mation reported by node devices except the master node
device in the virtual network element;

a storing module, configured to store the topology infor-
mation received by the receiving module;

a verification module, configured to perform, according to
a topology type of the virtual network element, topology
verification for all topology information stored by the storing
module, where all the topology information stored by the
storing module includes topology information about the mas-
ter node device and the topology information received by the
receiving module;

a calculating module, configured to calculate internal paths
in the virtual network element and weights of the internal
paths according to the topology type and the topology infor-
mation stored by the storing module after the topology veri-
fication is passed;

a generating module, configured to generate and store an
internal routing entry according to the internal paths and the
weights of the internal paths that are calculated by the calcu-
lating module; and

a sending module, configured to send the internal routing
entry generated by the generating module to the node devices
except the master node device in the virtual network element.

In the embodiments of the present invention, after receiv-
ing and storing topology information reported by nodes in a
virtual network element, a master node performs topology
verification for the stored topology information according to
a topology type of the virtual network element; the master
node calculates internal paths in the virtual network element
and weights of the internal paths according to the topology
type and the topology information after the topology verifi-
cation is passed; and then the master node generates and
stores an internal routing entry according to the internal paths
and the weights of the internal paths and sends the internal
routing entry to the nodes except the master node in the virtual
network element. In this way, in various topology structures,
such as a dual-homing tree, a ring, or a half ring, the internal
paths in the virtual network element can be calculated, and
therefore a primary path and a secondary path in a internal
path of the virtual network element can be calculated simply
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and effectively, and then different weights can be set to the
internal paths to implement load balancing within the virtual
network element.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions in the embodiments of
the present invention or in the prior art more clearly, the
following briefly introduces the accompanying drawings
required for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following
description show some embodiments of the present invention,
and persons of ordinary skill in the art may still derive other
drawings from these accompanying drawings without cre-
ative efforts.

FIG. 1is a flowchart of a route calculation method accord-
ing to an embodiment of the present invention;

FIG. 2 is a schematic diagram showing topology collection
according to an embodiment of the present invention;

FIG. 3 is a schematic diagram of a dual-homing tree topol-
ogy according to an embodiment of the present invention;

FIG. 4 is a schematic diagram of a ring topology according
to an embodiment of the present invention;

FIG. 5 is a schematic diagram of a half ring topology
according to an embodiment of the present invention;

FIG. 6 is a schematic diagram showing primary paths and
secondary paths in a dual-homing tree topology according to
an embodiment of the present invention;

FIG. 7 is a schematic diagram showing primary paths and
secondary paths in a ring topology according to an embodi-
ment of the present invention;

FIG. 8 is a schematic diagram showing primary paths and
secondary paths in a ring topology according to another
embodiment of the present invention;

FIG. 9 is a schematic diagram showing primary paths and
secondary paths in a half ring topology according to an
embodiment of the present invention;

FIG. 10 is a schematic diagram showing primary paths and
secondary paths in a half ring topology according to another
embodiment of the present invention;

FIG. 11 is a schematic structural diagram of a master node
device in a virtual network element according to an embodi-
ment of the present invention; and

FIG. 12 is a schematic structural diagram of a master node
device in a virtual network element according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of the embodiments of the present invention more com-
prehensible, the following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the
described embodiments are merely a part rather than all of the
embodiments of the present invention. All other embodi-
ments obtained by persons of ordinary skill in the art based on
the embodiments of the present invention without creative
efforts shall fall within the protection scope of the present
invention.

FIG. 1is a flowchart of a route calculation method accord-
ing to an embodiment of the present invention. As shown in
FIG. 1, the route calculation method may include:
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Step 101: A master node in a VNE receives and stores
topology information reported by nodes except the master
node in the VNE.

In this embodiment, the VNE is a virtual heterogeneous
cluster router. The VNE includes a master node, a standby
master node, and a slave node. The master node is a large-
capacity and high-performance convergence router on a con-
vergence layer, functions as a node that manages all nodes
within the VNE, and is configured to centrally process control
signaling of the VNE and send control information obtained
by calculation to the slave node. A control plane of the VNE
lies on the master node. All nodes within the VNE include the
master node, the standby master node, and the slave node.
Only one master node and one standby master node exist
within one VNE. When the master node is faulty and fails to
manage all nodes within the VNE, the standby master node
takes over the master node to manage all nodes within the
VNE.

The slave node in the VNE is small-capacity and low-
performance routers on the convergence layer, and only for-
ward data but do not process the control signaling.

Step 102: The master node performs, according to a topol-
ogy type of the VNE, topology verification for all topology
information locally stored on the master node, where all the
topology information locally stored on the master node
includes topology information about the master node and
topology information reported by the nodes except the master
node in the VNE.

Step 103: The master node calculates internal paths in the
VNE and weights of the internal paths according to the topol-
ogy type and the topology information after the topology
verification is passed.

In this embodiment, an internal path indicates information
about a channel between any two nodes in the VNE, including
nodes and corresponding interfaces through which the chan-
nel between the two nodes passes, and an internal route indi-
cates standard routing information generated, according to
the internal paths, by the master node for each node.

Step 104: The master node generates and stores an internal
routing entry according to the internal paths and the weights
of'the internal paths and sends the internal routing entry to the
nodes except the master node in the VNE.

According to the preceding embodiment, in various topol-
ogy structures, such as a dual-homing tree, a ring, and a half
ring, calculation of the internal paths of the VNE can be
implemented and therefore a primary path and a secondary
path in the internal paths of the VNE can be calculated simply
and effectively.

A route calculation method provided in an embodiment of
the present invention is detailed as follows:

In the embodiment of the present invention, after the node
that is designated as a master node in the VNE starts and
before management for the VNE and calculation of internal
routes are performed, topology collection needs to be per-
formed. The topology collection may be implemented in two
modes: dynamic collection and static configuration.

(1) Dynamic Collection Mode:

FIG. 2 is a schematic diagram showing topology collection
according to an embodiment of the present invention. As
shown in FIG. 2, in the embodiment of the present invention,
in step 101, before receiving and storing topology informa-
tion reported by nodes except the master node in the VNE, the
master node may send topology collection request messages
of'the VNE in broadcast mode, where the topology collection
request messages carry information about the master node
and an identity, a name, a topology type, and the like of the
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VNE and specifically the master node may send the topology
collection request messages of the VNE in layer 2 or layer 3
broadcast mode.

Then, the master node may receive topology collection
response messages sent by the nodes except the master node
in the VNE, where the topology collection response messages
carry the topology information and the topology collection
response messages are sent to the master node by the nodes
except the master node in the VNE after the nodes receive the
topology collection request messages and determine that a
VNE corresponds to the VNE identity carried in the topology
collection request messages is a home VNE of the nodes; the
topology collection request messages may not be responded
if the nodes except the master node in the VNE receive the
topology collection request messages and determine that a
VNE corresponds to the VNE identity carried in the topology
collection request messages is not a home VNE of the nodes.

After receiving the topology collection response messages
sent by the nodes except the master node in the VNE, the
master node may store the topology information carried in the
topology collection response messages, add all nodes in the
VNE to VNE cluster management, and send registration suc-
cess messages to the nodes except the master node in the
VNE, indicating that the nodes except the master node in the
VNE have been successfully registered within the VNE.

Each time after the master node in the VNE receives and
stores topology information about a node except the master
node in the VNE, it performs topology verification for all
topology information locally stored on the master node. If the
topology verification is passed, the master node may deter-
mine that VNE topology information is completely collected,
a VNE topology is established, and calculation of the internal
paths may start; if the topology verification is not passed, the
master node continues to periodically or regularly send the
topology collection request messages in broadcast mode and
continues to wait for topology information reported by nodes
in the VNE until the VNE topology information is completely
collected. Specifically, after receiving and storing topology
information reported by a node except the master node in the
VNE, the master node may immediately perform topology
verification for all topology information locally stored on the
master node; if a node except the master node in the VNE gets
offline or the node fails to be detected, a waiting time may be
set so that the master node performs topology verification
again after the waiting time expires. If a node except the
master node in the VNE frequently gets online or offline and
consequently the topology verification fails to be passed, the
master node may not delete the calculated internal paths
correspond to the node that frequently gets online or offline
first but deactivate the internal paths to ensure normal data
forwarding. Only after new topology verification is passed
and calculation of internal paths of all nodes within the VNE
is completed, the master node in the VNE regenerates a new
internal routing entry and sends it to all the nodes in the VNE
for route update.

(2) Static Configuration Mode:

Specifically, step 101 may be as follows: A master node
receives topology information reported by the nodes except
the master node in the VNE after the nodes learn a location of
the master node. That is, in the static configuration mode, the
nodes in the VNE may actively report the topology informa-
tion to the master node after learning the location of the
master node.

After receiving the topology information, the master node
stores the topology information and adds all nodes in the VNE
to the VNE cluster management.
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As with the dynamic collection mode, each time after the
master node in the VNE receives and stores the topology
information reported by a node in the VNE, it performs topol-
ogy verification for all topology information locally stored on
the master node. If the topology verification is passed, the
master node may determine that VNE topology information is
completely collected, a VNE topology is established, and
calculation of the internal paths may start; if the topology
verification is not passed, the master node continues to wait
for topology information reported by nodes in the VNE until
the VNE topology information is completely collected.

It should be noted that the topology information in the
embodiment of the present invention includes an identifier of
anode inthe VNE, basic information about a device where the
node resides, external interface information, and internal
interface information.

An internal interface refers to an interface for connecting
various nodes within the VNE and an external interface is an
interface for connecting a node within the VNE to a device
outside the VNE. That is, interfaces of each node in the VNE
are classified into an internal interface and an external inter-
face for respectively connecting a node within the VNE and a
device outside the VNE.

The external interface information includes an interface
name of an external interface, an Internet Protocol (IP)
address, and encapsulation information about the external
interface (for example, the external interface is a layer 2
interface or a layer 3 interface), and the like; the internal
interface information includes an interface name of an inter-
nal interface, an IP address, and encapsulation information
about the internal interface (for example, the internal inter-
face is a layer 2 interface or a layer 3 interface), and the like.

In the embodiment of the present invention, after the topol-
ogy verification is passed, that is, after a VNE topology is
established, the master node needs to update the topology if
the topology structure of the VNE changes.

Specifically, after the topology verification is passed, the
master node may regularly or periodically send topology
packets in the VNE, where the topology packets carry topol-
ogy information about each node in the VNE, so that nodes
that receive the topology packets send topology information
thereof to the master node after determining that the topology
information thereof is different from topology information
carried in the topology packets. After receiving the topology
information, the master node performs corresponding pro-
cessing, such as a path switchover and a new path calculation,
according to an actual condition, where the topology packets
may be sent in broadcast mode or directed mode.

After the topology verification is passed, if a new node is
added to the VNE, the master node may receive and store
topology information about the new node that is reported by
the new node in the VNE and perform, according to the
topology type of the VNE, topology verification again for the
stored topology information, that is, the new node in the VNE
actively reports the topology information thereof to the mas-
ter node; or, the master node may receive and store topology
information sent by a node connected to the new node in the
VNE and perform, according to the topology type of the VNE,
topology verification again for all topology information
locally stored on the master node, where the topology infor-
mation is sent to the master node by the node connected to the
new node after the node receives a topology packet sent by the
master node and determines that its information about exter-
nal interfaces and internal interfaces have changed, that is,
determines that the topology information thereof is different
from topology information carried in the topology packet; or,
the master node may receive and store topology information
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reported by the new node after the new node receives a topol-
ogy packet sent by the master node, and perform, according to
the topology type of the VNE, topology verification again for
all topology information locally stored on the master node.

After the topology verification is passed, if a node is
removed from the VNE, the master node may receive and
store changed topology information reported by a node
directly connected to the removed node in the VNE and
perform, according to the topology type, topology verifica-
tion again for all topology information locally stored on the
master node, where the changed topology information is
actively reported to the master node by the node directly
connected to the removed node or the changed topology
information is sent to the master node by the node directly
connected to the removed node after the node receives the
topology packet sent by the master node and determines that
topology information about itself is different from the topol-
ogy information carried in the topology packet.

In addition, on a control plane, a mechanism, such as a
heartbeat mechanism, may be used between the master node
and the nodes except the master node in the VNE to detect
faults of nodes except the master node in the VNE. If no
heartbeat response is received from a node, the master node
may determine that the node is faulty. In the embodiment of
the present invention, after the topology verification is
passed, when the control plane of a node except the master
node in the VNE is faulty and a forwarding plane is not faulty,
after finding that the node is faulty by using the heartbeat
mechanism, the master node may delete topology informa-
tion about the faulty node, receive and store again topology
information reported by the nodes except the master node and
the faulty node in the VNE, and perform, according to the
topology type of the VNE, topology verification for all topol-
ogy information locally stored on the master node.

When a data plane of a node except the master node in the
VNE is faulty, the master node may receive and store changed
topology information reported by the faulty node and per-
form, according to the topology type of the VNE, topology
verification again for all topology information locally stored
on the master node.

After the topology verification is passed, when an internal
link of the VNE is faulty, the master node may receive and
store changed topology information that is reported through a
standby path by a node on the faulty link and changed topol-
ogy information that is reported by a node connected to the
node on the faulty link and perform, according to the topology
type of the VNE, topology verification again for all topology
information locally stored on the master node.

The method according to step 102, where a master node
performs, according to a topology type of a VNE, topology
verification for all topology information locally stored on the
master node, is described as follows:

(1) FIG. 3 is a schematic diagram of a dual-homing tree
topology according to an embodiment of the present inven-
tion. When a topology type of a VNE is a dual-homing tree
topology, a master node may judge, according to all topology
information locally stored on the master node, whether veri-
fication criteria of the dual-homing tree topology are met. At
this time, passing of topology verification may be that the
verification criteria of the dual-homing tree topology are met.
That is, when all the verification criteria of the dual-homing
tree topology are met, the master node may determine that
verification of the dual-homing tree topology is passed.

The verification criteria of the dual-homing tree topology
include the following: Each node within the VNE has at least
two available internal interfaces; the master node is directly
connected to a standby master node through internal inter-
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faces, and states of the internal interfaces and links between
the master node and the standby master node are normal; each
slave node in the VNE only has two internal interfaces for
connecting to the master node and the standby master node
respectively; and in addition the number of slave nodes that
have reported topology information thereof in the VNE is the
same as the number of slave nodes planned in advance.

(2)FIG. 41s a schematic diagram of a ring topology accord-
ing to an embodiment of the present invention. If a topology
type of a VNE is a ring topology, a master node may judge,
according to all topology information locally stored on the
master node, whether verification criteria of the ring topology
are met. At this time, passing of topology verification may be
that the verification criteria of the ring topology are met. That
is, when all the verification criteria of the ring topology are
met, the master node may determine that verification of the
ring topology is passed.

The verification criteria of the ring topology include the
following: Each node in the VNE has two internal interfaces
in normal state; the master node is directly connected to the
standby master node through an internal interface; nodes in
the VNE are mutually connected and one internal interface of
the master node is reachable from another internal interface of
the master node through any node except the master node in
the VNE; and in addition sequences of nodes that two ring
paths starting from two internal interfaces of the master node
pass through are opposite.

(3) FIG. 5 is a schematic diagram of a half ring topology
according to an embodiment of the present invention. If a
topology type of a VNE is a half ring topology, a master node
may judge, according to all topology information locally
stored on the master node, whether verification criteria of the
half ring topology are met. At this time, passing of topology
verification may be that the verification criteria of the half
ring topology are met. That is, when all the verification cri-
teria of the half ring topology are met, the master node may
determine that verification of the halfring topology is passed.

The verification criteria of the half ring topology include
the following: Each node except the master node and a
standby master node in the VNE has at least two normal
internal interfaces; both the master node and the standby
master node have at least one internal interface and no internal
link that directly connects the master node to the standby
master node exists; the nodes except the master node and the
standby master node in the VNE are mutually connected and
a normal internal interface of the standby master node is
reachable from an internal interface of the master node
through the nodes except the master node and the standby
master node in the VNE; and in addition a half ring path
starting from an internal interface of the master node passes
through any node except the master node in the VNE and the
last node of the half ring path is the standby master node.

After the topology verification is passed, the master node
may determine that VNE topology information is completely
collected, a VNE topology is established, and calculation of
the internal paths may start; if the topology verification is not
passed, the master node continues to periodically or regularly
send topology collection request messages in broadcast mode
and continues to wait for topology information reported by
the nodes except the master node in the VNE until the VNE
topology information is completely collected.

The method according to step 103, where the master node
calculates internal paths in a VNE and weights of the internal
paths according to a topology type and topology information
after the topology verification is passed, is described as fol-
lows:
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1. When the topology type of the VNE is a dual-homing
tree topology, the internal paths of the VNE are calculated by
the master node in a centralized manner. Specifically, the
master node may calculate two paths between every two slave
nodes in the VNE and calculate for each slave node in the
VNE, paths from the slave node to the master node and from
the slave node to the standby master node; determine that in
the two paths, a weight of a path that passes through the
master node is the sum of a weight of a path between a first

10

second slave node may be assigned by the master node
according to a number of the first slave node or the second
slave node, and a weight of a path between the standby master
node and the first slave node or the second slave node may
also be assigned by the master node according to the number
of'the first slave node or the second slave node. For example,
for a slave node with an odd number, a path between the node
and the master node is used a primary path with an assigned
weight 1 and a path between the node and the standby master

slave node and the master node and a weight of a path between 10 . . - .
. node is used a secondary path with an assigned weight 99, as
the master node and a second slave node, as shown in Formula . ) .
. . . shown in Formula (3) and Formula (4); for a slave node with
(1); determine that in the two paths, a weight of a path that
. . an even number, a path between the node and the master node
passes through the standby master node is the sum of a weight : 4 ) b with ioned weight 99 and
of a path between the first slave node and the standby master 15 used a secondary path with an assigned weight 2~ and a
node and a weight of a path between the standby master node 15 pa.th between the node aI.ld the sta.ndby master noqe isused a
and the second slave node, as shown in Formula (2); and ~ Primary path with an assigned weight 1, as shown in Formula
determine that in the two paths, the path with a lower weight (3) and Formula (4): By using the assignment methoq, ma
is a primary path and the path with a higher weight is a  YNE of a dual-homing tree topology structure, the primary
secondary path. path and secondary path between slave nodes and root nodes
It should be noted that “a first” and “a second” are only 20 may be shown in FIG. 6, where FIG. 6 is a schematic diagram
used to identify two different slave nodes for facilitating showing primary paths and secondary paths in a dual-homing
description in the embodiment of the present invention but are tree topology according to an embodiment of the present
not restrictions for a slave node. invention. In FIG. 6, dotted lines indicate the primary paths
weight[i][master][] ‘.bet\.veen the slave nodes and the root nodes and dash-dot lines
Weight,, asrord ] Wit ocrorli] (1) 25 indicate the secondary paths between the slave nodes and the
root nodes, where the root nodes include the master node and
weight[i][standby][/] the standby master node.
Weightto standby[i] +Weightto standby[]] (2)
In Formula (1), weight[i][master][j] is a weight of a path
that is between slave node i and slave node j and passes 30 bt = 1, iis an odd number 3)
through the master node; weight,, ,,,.,..[i] is a weight of a W maserl = 99 s an even number
path between slave node i and the master node; and B
weight,, ... [j] is a weight of a path between slave node j weight, . [i] = { 99, .z‘ls an odd number @)
and the master node, that is a weight of a path between the Y 1, iis an even number
master node and slave node j. In Formula (2), weight[i] 33
[standby][j] is a weight of a path that is between slave node . . .
and slave node j and passes through the standby master node; In Formula (3), weight,, .4z, [1] 15 the weight of the path
Weight,, s, i] 15 @ weight of a path between slave node i betyveen a slave .nqde iand Fhe master node; in Formula (4),
and the standby master node; and weight,, .,,,,4, is a weight Weight,, suanasylil 15 the weight of the path between a slave
of a path between slave node j and the standby master node, 40 1ode i and the standby master node.
that is, a weight of a path between the standby master node The VNE shown in FIG. 6 is used as an example. According
and slave node j. to the method, the primary paths and secondary paths calcu-
In the embodiment of the present invention, a weight of a lated for every two slave nodes in the VNE by the master node
path between the master node and the first slave node or the may be shown in Table 1.
TABLE 1
Root Node Slave Node 1 Slave Node 2 Slave Node 3
Primary Secondary Primary Secondary Primary Secondary Primary Secondary
path path path path path path path path
Root — — Master  Standby Standby Master Master  Standby
Node node-  master master node - node-  master
slave node - node-  slave slave node -
node 1 slave slave node 2 node3  slave
node 1 node 2 node 3
Slave Slave Slave — — Slave Slave Slave Slave
Node1l mnodel- nodel - nodel- nodel- nodel- nodel -
master  standby master  standby master  standby
node master node-  master node-  master
node slave node - slave node -
node2 slave node3  slave
node 2 node 3
Slave Slave Slave Slave Slave — — Slave Slave
Node2 node2- node2- node2- node?2- node 2 - node 2 -
standby master standby master standby master
master node master node - master node -
node node-  slave node-  slave
slave node 1 slave node 3
node 1 node 3
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TABLE 1-continued

12

Root Node Slave Node 1 Slave Node 2

Slave Node 3

Primary Secondary Primary Secondary Primary

Secondary Primary Secondary

path path path path path path path path
Slave Slave Slave Slave Slave Slave Slave — —
Node3 node3- node3- node 3 - node 3 - node 3 - node 3 -
master  standby master  standby master  standby
node master node-  master node-  master
node slave node - slave node -
nodel slave node2 slave
node 1 node 2

In addition, the weight of the path between the master node
and the first slave node or the second slave node may be preset
and the weight of the path between the standby master node
and the first slave node or the second slave node may be
preset. That is, the weight of the path between the master node
and the first slave node or the second slave node may be preset
to any value instead of being assigned according to the
method in Formula (3) and the weight of the path between the
standby master node and the first slave node or the second
slave node may be preset to any value instead of being
assigned according to the method in Formula (4).

In the dual-homing tree topology, a direct link between the
master node and the standby master node is used for a master
or standby switchover but generally not for data traffic. It may
be set that a weight of the direct link between the master node
and the standby master node is higher than a weight of a path
between the master node and a slave node and is higher than
a weight of a path between the standby master node and the
slave node. For example, may be set to 130.

In the embodiment of the present invention, different
weights are setto internal paths in the virtual network element
so that load balancing within the virtual network element can
be implemented.

When a topology type of a VNE is a dual-homing tree
topology and if a weight of a path that is between two slave
nodes and passes through a master node is the same as a
weight of a path that passes through a standby master node,
the master node may compare the weight of the path between
a first slave node and the master node with the weight of the
path between the first slave node and the standby master node.
When the weight of the path between the first slave node and
the master node is lower, the master node uses the path that
passes through the master node as a primary path and the path
that passes through the standby master node as a secondary
path. When the weight of the path between the first slave node
and the standby master node is lower, the master node uses the
path that passes through the standby master node as a primary
path and the path that passes through the master node as a
secondary path. The VNE shown in FIG. 6 is used as an
example. When weights of paths between a slave node and the
master node and between the slave node and the standby
master node are assigned according to the methods in For-
mula (3) and Formula (4), a weight of a path that is between
slave node 1 and slave node 2 and passes through the master
node is the same as a weight of a path that passes through the
standby master node. In this case, the master node needs to
compare a weight of a path between slave node 1 and the
master node with a weight of a path between slave node 1 and
the standby master node. Because the weight of the path
between slave node 1 and the master node is 1 and the weight
of'the path between slave node 1 and the standby master node
is 99, the master node uses the path that is between slave node
1 and slave node 2 and passes through the master node as a
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primary path between slave node 1 and slave node 2 and uses
the path that is between slave node 1 and slave node 2 and
passes through the standby master node as a secondary path
between slave node 1 and slave node 2.

After the internal paths of the VNE and the weights of the
internal paths are calculated by using the methods, the master
node performs step 104, that is, the master node generates and
stores an internal routing entry according to the primary path,
the weight of the primary path, the secondary path, and the
weight of the secondary path and sends the generated internal
routing entry to nodes except the master node in the VNE.

2. When a topology type of the VNE is a ring topology, the
internal paths in the VNE are relatively fixed. For the ring
topology, two relatively fixed paths exist between every two
nodes. The two paths in the ring topology may be called a
left-hand path and a right-hand path and form a complete
VNE ring link. During calculation of the internal paths, the
master node calculates, for each node in the VNE, two paths
from the node to any other node except the node itself in the
VNE and only when the topology changes, recalculates the
two paths from each node in the VNE to any other node except
the node itself in the VNE. This greatly simplifies calculation
of the internal paths and makes least system resources be
occupied.

Specifically, the master node calculates, for each node in
the VNE, two paths from the node to any other node except
the node itself'in the VNE; determines that in the two paths, a
path that passes through less nodes is a primary path and a
path that passes through more nodes is a secondary path; and
assigns a lower weight to the primary path and a higher
weight to the secondary path, as shown in FIG. 7, where F1G.
7 is a schematic diagram showing primary paths and second-
ary paths in a ring topology according to an embodiment of
the present invention. Then, the master node may perform
step 104, that is, the master node generates and stores an
internal routing entry according to the primary path, the
weight of the primary path, the secondary path, and the
weight of the secondary path and sends the generated internal
routing entry to nodes except the master node in the VNE.

FIG. 7 shows a primary path and a secondary path from a
master node to slave node 1 and a primary path and a second-
ary path from the master node to slave node 2. As shown in
FIG. 7, 1 may be assigned to the primary path as a weight and
99 may be assigned to the secondary path as a weight. Spe-
cifically, during calculation of the internal paths, the master
node may directly assign weights of paths according to ring
link information by using Formula (5) and Formula (6).

{

lefipathli, j] = |lefipos(i) — lefipos(j)| )

rightpathli, j] = |rightpos(§) — rightpos(i)|
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In Formula (5), leftpath|i,j] is the number of hops between
node i and node j on a left-hand ring path, rightpath][i,j] is the
number of hops between node i and node j on a right-hand
ring path, leftpos(i) and leftpos(j) are locations of node i and
node j on the left-hand ring path, and rightpos(i) and rightpos
(j) are locations of node i and node j on the right-hand ring
path.

1, if (lefipath = rightpath)
99; if (leftpath < rightpath)
99; if (leftpath = rightpath)

1, if (leftpath < rightpath)

‘ YR ©
weight(lefiparhli, jI) =

weight(rightpathli, f1) = {

In Formula (6), weight(leftpath[i,j]) is a weight of a path
between node i and node j on the left-hand ring path and
weight(rightpat[i,j]) is a weight of a path between node i and
node j on the right-hand ring path.

In addition, the master node may determine that weights of
the two paths from each node in the VNE to any other node in
the VNE is the sum of weights preset for the paths between
two adjoining nodes on the two paths, as shown in FIG. 8,
where FIG. 8 is a schematic diagram showing primary paths
and secondary paths in a ring topology according to another
embodiment of the present invention. That is, in the condition
that weights of both the paths between two adjoining nodes
are preset, the master node only needs to accumulate the
weights preset for the paths between two adjoining nodes on
the left-hand path and the right-hand path when calculating
the weights of the two paths. Then, the master node may
determine that the path with a lower weight is the primary
path and the path with a higher weight is the secondary path.

In the embodiment of the present invention, different
weights are setto internal paths in the virtual network element
so that load balancing within the virtual network element can
be implemented.

3. When the topology type of the VNE is a half ring topol-
ogy, every two nodes in the VNE are reachable through only
one path. For ease of calculation, a complete half ring path is
formed from an internal interface of the master node to the
standby master node by passing through all nodes. Specifi-
cally, the master node may calculate, for each slave node in
the VNE, paths from the slave node to the master node and
from the slave node to the standby master node; compare the
number of nodes through which the path from the slave node
to the master node passes with the number of nodes through
which the path from the slave node to the standby master node
passes, set a higher weight for the path that passes through
more nodes and a lower weight to the path that passes through
less nodes; determine that the path with a lower weight is the
primary path and a path with a higher weight is a secondary
path. Then, the master node may perform step 104, that is, the
master node generates and stores an internal routing entry
according to the primary path, the weight of the primary path,
the secondary path, and the weight of the secondary path and
sends the generated internal routing entry to nodes except the
master node in the VNE.

FIG. 9 is a schematic diagram showing primary paths and
secondary paths according to an embodiment of the present
invention. FIG. 9 shows paths from slave node 1 to the master
node and to the standby master node and paths from slave
node 2 to the master node and to the standby master node. As
shown in FIG. 9, the weight of the path that passes through
more nodes is set to 99 and the weight of the path that passes
through less nodes is set to 1.
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In addition, the master node may determine that the weight
of the path from the slave node to the master node is the sum
of weights preset for the paths between two adjoining nodes
on the path from the slave node to the master node and
determine that the weight of the path from the slave node to
the standby master node is the sum of weights preset for the
paths between two adjoining nodes on the path from the slave
node to the standby master node. That is, by setting a weight
of each path in the half ring topology, weights of the paths
between two adjoining nodes on the path from the slave node
to the master node or to the standby master node are accumu-
lated to be used as the weight of the path from the slave node
to the master node or to the standby master node. Then, the
master node may determine that the path with a lower weight
is the primary path and the path with a higher weight is the
secondary path, as shown in FIG. 10, where FIG. 10 is a
schematic diagram showing primary paths and secondary
paths in a half ring topology according to another embodi-
ment of the present invention. Then, the master node may
perform step 104, that is, the master node generates and stores
an internal routing entry according to the primary path, the
weight of the primary path, the secondary path, and the
weight of the secondary path and sends the generated internal
routing entry to nodes except the master node in the VNE.

In the embodiment of the present invention, different
weights are set to internal paths in the virtual network element
so that load balancing within the virtual network element can
be implemented.

Persons of ordinary skills in the art may understand that all
or part of steps in the embodiments of the present invention
may be implemented by a program instructing relevant hard-
ware. The program may be stored in a computer readable
storage medium. When the program is run, the steps of the
methods in the embodiments are performed. The storage
medium includes various media capable of storing program
codes, such as a ROM, a RAM, a magnetic disk, or an optical
disk.

FIG. 11 is a schematic structural diagram of a master node
device in a virtual network element according to an embodi-
ment of the present invention. The master node device in this
embodiment can implement a process shown in an embodi-
ment in FIG. 1. As shown in FIG. 11, the master node device
may include:

a receiving module 1101, configured to receive topology
information reported by node devices except the master node
device in the VNE;

a storing module 1102, configured to store the topology
information received by the receiving module 1101;

an verification module 1103, configured to perform,
according to a topology type of the VNE, topology verifica-
tion for all topology information stored by the storing module
1102, where all the topology information stored by the storing
module 1102 includes topology information about the master
node device and the topology information received by the
receiving module 1101;

a calculating module 1104, configured to calculate internal
paths in the VNE and weights of the internal paths according
to the topology type and the topology information stored by
storing module 1102 after the topology verification is passed;

a generating module 1105, configured to generate and store
an internal routing entry according to the internal paths and
the weights of the internal paths that are calculated by the
calculating module 1104; and

a sending module 1106, configured to send the internal
routing entry generated by the generating module 1105 to the
node devices except the master node devices in the VNE.
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In various topology structures, such as a dual-homing tree,
aring, and a halfring, the master node device can calculate the
internal paths of the VNE and therefore simply and effec-
tively calculate a primary path and a secondary path among
the internal paths of the VNE.

FIG. 12 is a schematic structural diagram of a master node
device in a virtual network element according to another
embodiment of the present invention. Compared with the
master node device shown in FIG. 11, a difference is as
follows: In this embodiment, a sending module 1106 may
further send topology collection request messages ofthe VNE
in broadcast mode, where the topology collection request
messages carry information about the master node device and
an identity, a name, and a topology type of the VNE.

A receiving module 1101 may receive topology collection
response messages sent by node devices except the master
node device in the VNE, where the topology collection
response messages carry topology information and the topol-
ogy collection request messages are sent to the master node
device by the node devices except the master node device in
the VNE after the node devices receive the topology collec-
tion request messages and determine that a VNE correspond-
ing to the VNE identity carried in the topology collection
request messages is a home VNE of the node devices.

A storing module 1102 may store the topology information
and add all node devices in the VNE to VNE cluster manage-
ment.

In addition, the receiving module 1101 may receive topol-
ogy information reported by the node devices except the
master node device in the VNE after the node devices learn a
location of the master node device. Then, the storing module
1102 may also store the topology information and add all
node devices in the VNE to the VNE cluster management.

Further, in this embodiment, after the topology verification
is passed, the sending module 1106 may further regularly or
periodically send topology packets in the VNE, where the
topology packets carry topology information about each node
device in the VNE, so that node devices that receive the
topology packets send topology information thereof to the
master node device after determining that the topology infor-
mation thereof is different from the topology information
carried in the topology packets.

In this embodiment, a verification module 1103 may judge
whether verification criteria corresponding to the topology
type are met according to the topology information stored by
the storing module 1102. Specifically, the verification module
1103 may judge whether the verification criteria correspond-
ing to the topology type are met according to the method
provided in the method embodiment of the present invention,
which will not be described in detail herein again.

In this embodiment, a calculating module 1104 may
include:

a first calculating sub-module 11041, configured to: when
the topology type is a dual-homing tree topology, calculate
two paths between every two slave node devices in the VNE
and calculate, for each slave node device in the VNE, paths
from the slave node device to the master node device and from
the slave node device to a standby master node device; and

Afirst determining sub-module 11042, configured to deter-
mine that in the two paths, a weight of a path that passes
through the master node device is the sum of a weight of a
path between a first slave node device and the master node
device and a weight of a path between the master node device
and a second slave node device; determine that in the two
paths, a weight of a path that passes through the standby
master node device is the sum of a weight of a path between
the first slave node device and the standby master node device
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and a weight of a path between the standby master node
device and the second slave node device; and determine that
in the two paths, the path with a lower weight is a primary path
and the path with a higher weight is a secondary path.

The weight of the path between the master node device and
the first slave node device or the second slave node device is
preset or is assigned by the master node device according to a
number of'the first slave node device or the second slave node
device. The weight of the path between the standby master
node device and the first slave node device or the second slave
node device is preset or is assigned by the master node device
according to the number of the first slave node device or the
second slave node device.

In the embodiment of the present invention, different
weights are set to internal paths in the virtual network element
so that load balancing within the virtual network element can
be implemented.

Further, the first determining sub-module 11042 may fur-
ther, when weights of the two paths are the same, compare the
weight of the path between the first slave node device and the
master node device with the weight of the path between the
first slave node device and the standby master node device;
when the weight of the path between the first slave node
device and the master node device is lower, determine that the
path that passes through the master node device is the primary
path and the path that passes through the standby master node
device is the secondary path; and when the weight of the path
between the first slave node device and the standby master
node device is lower, determine that the path that passes
through the standby master node device is the primary path
and the path that passes through the master node device is the
secondary path.

Specifically, a generating module 1105 may generate an
internal routing entry according to the primary path, the
weight of the primary path, the secondary path, and the
weight of the secondary path and a storing module 1102 may
store the internal routing entry generated by the generating
module 1105.

In this embodiment, a calculating module 1104 may
include:

a second calculating sub-module 11043, configured to:
when the topology type is a ring topology, calculate for each
node device in the VNE, two paths from the node device to
any other node device except the node device in the VNE; and

a second determining sub-module 11044, configured to
determine that in the two paths, a path that passes through less
node devices is a primary path and a path that passes through
more node devices is a secondary path and assign a lower
weight to the primary path and a higher weight to the second-
ary path; or, determine that weights of the two paths are the
sum of weights preset for paths between two adjoining node
devices on the two paths, and determine that the path with a
lower weight is the primary path and the path with a higher
weight is the secondary path.

Then, the generating module 1105 is specifically config-
ured to generate an internal routing entry according to the
primary path, the weight of the primary path, the secondary
path, and the weight of the secondary path.

In this embodiment, a calculating module 1104 may
include:

a third calculating sub-module 11045, configured to: when
the topology type is a half ring topology, calculate for each
slave node device in the VNE, paths from the slave node
device to the master node device and from the slave node
device to the standby master node device; and

a third determining sub-module 11046, configured to com-
pare the number of node devices through which the path from
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the slave node device to the master node device passes with
the number of node devices through which the path from the
slave node device to the standby master node device passes,
and set a higher weight for the path that passes through more
node devices and a lower weight for the path that passes
through less node devices; or, the third determining sub-
module 11046, configured to determine that a weight of a path
from the slave node device to the master node device is the
sum of weights preset for paths between two adjoining node
devices on the path from the slave node device to the master
node device and determine that a weight of a path from the
slave node device to the standby master node device is the
sum of weights preset for paths between two adjoining node
devices on the path from the slave node device to the standby
master node device.

Further, the third determining sub-module 11046 may
determine that the path with a lower weight is the primary
path and the path with a higher weight is the secondary path.

The generating module 1105 may generate an internal
routing entry according to the primary path, the weight of the
primary path, the secondary path, and the weight of the sec-
ondary path.

In various topology structures, such as a dual-homing tree,
aring, and a halfring, the master node device can calculate the
internal paths of the VNE and therefore simply and effec-
tively calculate a primary path and a secondary path among
the internal paths of the VNE.

It should be understood by persons skilled in the art that the
accompanying drawings are merely schematic views of an
exemplary embodiment, and modules or processes in the
accompanying drawings are not necessarily required for
implementing the present invention.

Persons skilled in the art may understand that the modules
in the apparatuses provided in the embodiments may be
arranged in the apparatuses in a distributed manner according
to the description of the embodiments, or may be arranged in
one or more apparatuses which are different from those
described in the embodiments. The modules in the foregoing
embodiments may be combined into one module, or split into
multiple sub-modules.

Finally, it should be noted that the foregoing embodiments
are merely intended for describing the technical solutions of
the present invention rather than limiting the present inven-
tion. Although the present invention is described in detail with
reference to the foregoing embodiments, persons of ordinary
skill in the art should understand that they may still make
modifications to the technical solutions described in the fore-
going embodiments, or make equivalent replacements to
some technical features thereof, as long as such modifications
or replacements do not cause the essence of corresponding
technical solutions to depart from the spirit and scope of the
technical solutions of the embodiments of the present inven-
tion.

What is claimed is:
1. A route calculation method in a virtual network element,
comprising:

receiving and storing, by a master node in the virtual net-
work element, first topology information reported by
nodes except the master node in the virtual network
element;

performing, by the master node, according to a topology
type of the virtual network element, topology verifica-
tion for all topology information locally stored on the
master node, wherein the locally stored topology infor-
mation comprises second topology information about
the master node and the first topology information;
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calculating, by the master node, internal paths in the virtual
network element and weights of the internal paths
according to the topology type and the locally stored
topology information after the topology verification is
passed; and

generating and storing, by the master node, an internal

routing entry according to the internal paths and the
weights of the internal paths and sending the internal
routing entry to the nodes except the master node in the
virtual network element.

2. The method according to claim 1, before the receiving
and storing, by the master node in the virtual network ele-
ment, the first topology information reported by nodes except
the master node in the virtual network element, further com-
prising:

sending, by the master node, topology collection request

messages of the virtual network element in broadcast
mode, wherein the topology collection request messages
carry information about the master node and an identity,
a name, and the topology type of the virtual network
element, wherein

the receiving and storing, by the master node in the virtual

network element, the first topology information reported
by nodes except the master node in the virtual network
element comprises:
receiving, by the master node, topology collection
response messages sent by the nodes except the master
node in the virtual network element, wherein the topol-
ogy collection response messages carry the first topol-
ogy information and the topology collection response
messages are sent to the master node by the nodes except
the master node in the virtual network element after the
nodes receive the topology collection request messages
and determine that the virtual network element corre-
sponding to the virtual network element identity is a
home virtual network element of the nodes; and

storing, by the master node, the first topology information
and adding all nodes in the virtual network element to
virtual network element cluster management.

3. The method according to claim 1, further comprising one
of the following:

after the topology verification is passed, if a new node is

added to the virtual network element, receiving and stor-
ing, by the master node, third topology information
reported by the new node in the virtual network element
and performing, according to the topology type, the
topology verification again for all the topology informa-
tion locally stored on the master node;

receiving and storing, by the master node, fourth topology

information sent by a node connected to the new node in
the virtual network element and performing, according
to the topology type, the topology verification again for
all the topology information locally stored on the master
node, wherein the fourth topology information sent by
the node connected to the new node in the virtual net-
work element is sent to the master node by the node
connected to the new node after the node receives a
topology packet sent by the master node and determines
that the fourth topology information of itself is different
from fifth topology information carried in the topology
packet;

receiving and storing, by the master node, the third topol-

ogy information reported by the new node after the new
node receives the topology packet sent by the master
node and performing, according to the topology type,
the topology verification again for all the topology infor-
mation locally stored on the master node.
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4. The method according to claim 1, further comprising:

after the topology verification is passed, if a node is

removed from the virtual network element, receiving
and storing, by the master node, changed topology infor-
mation reported by a node directly connected to the
removed node in the virtual network element and per-
forming, according to the topology type, the topology
verification again for all the topology information
locally stored on the master node,

wherein the changed topology information is actively

reported to the master node by the node directly con-
nected to the removed node, or the changed topology
information is sent to the master node by the node
directly connected to the removed node after the node
receives a topology packet sent by the master node and
determines that the changed topology information about
itself is different from topology information carried in
the topology packet.

5. The method according to claim 1, further comprising:

after the topology verification is passed, when an internal

link of the virtual network element is faulty, receiving
and storing, by the master node, first changed topology
information that is reported through a standby path by a
first node on the faulty link and second changed topol-
ogy information that is reported by a second node con-
nected to the first node on the faulty link and performing,
according to the topology type, the topology verification
for all the topology information locally stored on the
master node.

6. The method according to claim 1, wherein topology
information comprises an identifier of a node in the virtual
network element, basic information about a device where the
node resides, first information about external interfaces, and
second information about internal interfaces.

7. The method according to claim 6, wherein the perform-
ing, by the master node, according to the topology type of the
virtual network element, the topology verification for all the
topology information locally stored on the master node com-
prises:

when the topology type is a dual-homing tree topology,

judging, by the master node, whether verification crite-
ria of the dual-homing tree topology are met according
to all the topology information locally stored on the
master node, wherein:

the passing of the topology verification comprises: the

verification criteria of the dual-homing tree topology are
met; and

the verification criteria of the dual-homing tree topology

comprises: each node within the virtual network element
has at least two available internal interfaces; the master
node is directly connected to a standby master node
through the internal interfaces and the internal interfaces
and links between the master node and the standby mas-
ter node are normal; each slave node in the virtual net-
work element only has two internal interfaces for con-
necting to the master node and the standby master node;
and a quantity of slave nodes that have reported topology
information of the slave nodes in the virtual network
element is the same as a quantity of slave nodes planned
in advance.

8. The method according to claim 6, wherein the perform-
ing, by the master node, according to a topology type of the
virtual network element, the topology verification for all the
topology information locally stored on the master node com-
prises:

when the topology type is a ring topology, judging, by the

master node, whether verification criteria of the ring
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topology are met according to all the topology informa-
tion locally stored on the master node, wherein:

the passing of the topology verification comprises: verifi-

cation criteria of the ring topology are met; and

the verification criteria of the ring topology comprises:

each node in the virtual network element has two normal
internal interfaces; the master node is directly connected
to a standby master node through the internal interfaces;
nodes in the virtual network element are mutually con-
nected and one internal interface of the master node is
reachable from another internal interface of the master
node through any node except the master node in the
virtual network element; and sequences of nodes that
two ring paths starting from two internal interfaces of the
master node pass through are opposite.

9. The method according to claim 6, wherein the perform-
ing, by the master node, according to the topology type of the
virtual network element, the topology verification for all the
topology information locally stored on the master node com-
prises:

when the topology type is a half ring topology, judging, by

the master node, whether verification criteria of the half
ring topology are met according to all the topology infor-
mation locally stored on the master node, wherein:
the passing of the topology verification comprises: the
verification criteria of the halfring topology are met; and

the verification criteria of the half ring topology comprises:
each node except the master node and a standby master
node in the virtual network element has at least two
normal internal interfaces; both the master node and the
standby master node have at least one internal interface
and no internal link that directly connects the master
node and the standby master node exists; the nodes
except the master node and the standby master node in
the virtual network element are mutually connected and
anormal internal interface of the standby master node is
reachable from an internal interface of the master node
through the nodes except the master node and the
standby master node in the virtual network element; and
a half ring path starting from the internal interface of the
master node passes through any node except the master
node in the virtual network element and a last node of the
half ring path is the standby master node.

10. The method according to claim 6, wherein the calcu-
lating, by the master node, the internal paths in the virtual
network element and the weights of the internal paths accord-
ing to the topology type and the locally stored topology infor-
mation comprises:

when the topology type is a dual-homing tree topology,

calculating, by the master node, two paths between
every two slave nodes in the virtual network element and
calculating, for each slave node in the virtual network
element, paths from the slave node to the master node
and from the slave node to a standby master node; and
determining, by the master node, that in the two paths, a
weight of a path that passes through the master node is
the sum of a weight of a path between a first slave node
and the master node and a weight of a path between the
master node and a second slave node;
determining that in the two paths, a weight of a path that
passes through the standby master node is the sum of a
weight of a path between the first slave node and the
standby master node and a weight of a path between the
standby master node and the second slave node; and

determining that in the two paths, the path with a lower
weight is a primary path and the path with a higher
weight is a secondary path, wherein:
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the weight of the path between the master node and the first
slave node or the weight of the path between the master
node and the second slave node is preset, or is assigned
by the master node according to a quantity of first slave
nodes or second slave nodes; and the weight of the path
between the standby master node and the first slave node
or the weight of the path between the standby master
node and the second slave node is preset, or is assigned
by the master node according to the quantity of the first
slave nodes or the second slave nodes.

11. The method according to claim 10, further comprising:

when weights of the two paths are the same, comparing, by
the master node, the weight of the path between the first
slave node and the master node with the weight of the
path between the first slave node and the standby master
node; when the weight of the path between the first slave
node and the master node is lower, determining, by the
master node, that the path that passes through the master
node is the primary path and the path that passes through
the standby master node is the secondary path; and when
the weight of the path between the first slave node and
the standby master node is lower, determining, by the
master node, that the path that passes through the
standby master node is the primary path and the path that
passes through the master node is the secondary path.

12. The method according to claim 6, wherein the calcu-
lating, by the master node, internal paths in the virtual net-
work element and weights of the internal paths according to
the topology type and the locally stored topology information
comprises:

when the topology type is a ring topology, calculating, by
the master node, for each node in the virtual network
element, two paths from the node to any other node
except the node in the virtual network element; and

one of the group consisting of (a) and (b):

(a) determining, by the master node, that in the two paths,
a path that passes through less nodes is a primary path
and a path that passes through more nodes is a secondary
path and assigning a lower weight to the primary path
and a higher weight to the secondary path; and,

(b) determining, by the master node, that weights of the two
paths are the sum of weights preset for paths between
two adjoining nodes on the two paths and determining
that the path with a lower weight is the primary path and
the path with the higher weight is the secondary path;
and

the generating and storing, by the master node, an internal
routing entry according to the internal paths and the
weights of the internal paths comprises:

generating and storing, by the master node, the internal
routing entry according to the primary path, the weight
of the primary path, the secondary path, and the weight
of the secondary path.

13. The method according to claim 6, wherein the calcu-
lating, by the master node, the internal paths in the virtual
network element and the weights of the internal paths accord-
ing to the topology type and the topology information com-
prises:

when the topology type is a half ring topology, calculating,
by the master node, for each slave node in the virtual
network element, paths from the slave node to the master
node and from the slave node to a standby master node;

one of the group consisting of (a) and (b):

(a) comparing, by the master node, a quantity of nodes
through which the path from the slave node to the master
node passes with a quantity of nodes through which the
path from the slave node to the standby master node
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passes, and setting a higher weight for the path that
passes through more nodes and a lower weight for the
path that passes through less nodes; and,

(b) determining, by the master node, that a weight of the
path from the slave node to the master node is the sum of
weights preset for paths between two adjoining nodes on
the path from the slave node to the master node and
determining that a weight ofthe path from the slave node
to the standby master node is the sum of weights preset
for paths between two adjoining nodes on the path from
the slave node to the standby master node; and

determining, by the master node, that the path with the
lower weight is a primary path and the path with the
higher weight is a secondary path; and

the generating and storing, by the master node, the internal
routing entry according to the internal paths and the
weights of the internal paths comprises:

generating and storing, by the master node, the internal
routing entry according to the primary path, the weight
of the primary path, the secondary path, and the weight
of the secondary path.

14. A master node device in a virtual network element,

comprising:

a receiving module, configured to receive first topology
information reported by node devices except the master
node device in the virtual network element;

a storing module, configured to store the first topology
information received by the receiving module;

a verification module, configured to perform, according to
atopology type of the virtual network element, topology
verification for all topology information stored by the
storing module, wherein all the topology information
stored by the storing module comprises second topology
information about the master node device and the first
topology information received by the receiving module;

a calculating module, configured to calculate internal paths
in the virtual network element and weights of the inter-
nal paths according to the topology type and the topol-
ogy information stored by the storing module after the
topology verification is passed;

a generating module, configured to generate and store an
internal routing entry according to the internal paths and
the weights of the internal paths that are calculated by
the calculating module; and

a sending module, configured to send the internal routing
entry generated by the generating module to the node
devices except the master node device in the virtual
network element.

15. The device according to claim 14, wherein:

the sending module is further configured to send topology
collection request messages of the virtual network ele-
ment in broadcast mode, wherein the topology collec-
tion request messages carry information about the mas-
ter node device and an identity, a name, and the topology
type of the virtual network element;

the receiving module is specifically configured to receive
topology collection response messages sent by the node
devices except the master node device in the virtual
network element, wherein the topology collection
response messages carry the first topology information
and the topology collection response messages are sent
to the master node device by the node devices except the
master node device in the virtual network element after
the node devices receive the topology collection request
messages and determine that the virtual network ele-
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ment corresponding to the virtual network element iden-
tity is a home virtual network element of the node
devices; and

the storing module is specifically configured to store the
first topology information and add all node devices in the
virtual network element to virtual network element clus-
ter management.

16. The device according to claim 14, wherein the calcu-

lating module comprises:

a first calculating sub-module, configured to: when the
topology type is a dual-homing tree topology, calculate
two paths between every two slave node devices in the
virtual network element and calculate, for each slave
node device in the virtual network element, paths from
the slave node device to the master node device and from
the slave node device to a standby master node device;
and

a first determining sub-module, configured to determine
that in the two paths, a weight of a path that passes
through the master node device is the sum of a weight of
a path between a first slave node device and the master
node device and a weight of a path between the master
node device and a second slave node device; determine
that in the two paths, a weight of a path that passes
through the standby master node device is the sum of a
weight of a path between the first slave node device and
the standby master node device and a weight of a path
between the standby master node device and the second
slave node device; and determine that in the two paths,
the path with a lower weight is a primary path and the
path with a higher weight is a secondary path, wherein:

the weight of the path between the master node device and
the first slave node device or the second slave node
device is preset, or is assigned by the master node device
according to a number of the first slave node device or
the second slave node device; and the weight of the path
between the standby master node device and the first
slave node device or the second slave node device is
preset, or is assigned by the master node device accord-
ing to the number of the first slave node device or the
second slave node device.

17. The device according to claim 16, wherein:

the first determining sub-module is further configured to:
when weights of the two paths are the same, compare a
weight of the path between the first slave node device
and the master node device with a weight of the path
between the first slave node device and the standby
master node device; when the weight of the path
between the first slave node device and the master node
device is lower, determine that the path that passes
through the master node device is the primary path and
the path that passes through the standby master node
device is the secondary path; and when the weight of the
path between the first slave node device and the standby
master node device is lower, determine that the path that
passes through the standby master node device is the
primary path and the path that passes through the master
node device is the secondary path.

24

18. The device according to claim 14, wherein the calcu-
lating module comprises:
a second calculating sub-module, configured to: when the
topology type is a ring topology, calculate for each node
5 device in the virtual network element, two paths from the
node device to any other node device except the node
device in the virtual network element; and

a second determining sub-module, configured to determine
that in the two paths, a path that passes through less node
devices is a primary path and a path that passes through
more node devices is a secondary path and assign alower
weight to the primary path and a higher weight to the
secondary path; or, determine that weights of the two
paths are the sum of weights preset for paths between
two adjoining node devices on the two paths, and deter-
mine that the path with a lower weight is the primary
path and the path with a higher weight is the secondary
path; and

the generating module is specifically configured to gener-
ate the internal routing entry according to the primary
path, the weight of the primary path, the secondary path,
and the weight of the secondary path.

19. The device according to claim 14, wherein the calcu-

lating module comprises:

a third calculating sub-module, configured to: when the
topology type is a half ring topology, calculate for each
slave node device in the virtual network element, paths
from the slave node device to the master node device and
from the slave node device to a standby master node
device; and

athird determining sub-module, configured to compare the
number of node devices through which the path from the
slave node device to the master node device passes with
the number of node devices through which the path from
the slave node device to the standby master node device
passes, and set a higher weight for the path that passes
through more node devices and a lower weight for the
path that passes through less node devices; or, a third
determining sub-module, configured to determine that a
weight of the path from the slave node device to the
master node device is the sum of weights preset for paths
between two adjoining node devices on the path from the
slave node device to the master node device and deter-
mine that a weight of the path from the slave node device
to the standby master node device is the sum of weights
preset for paths between two adjoining node devices on
the path from the slave node device to the standby master
node device, wherein:

the third determining sub-module is further configured to
determine that the path with a lower weight is a primary
path and the path with a higher weight is a secondary
path; and

the generating module is specifically configured to gener-
ate the internal routing entry according to the primary
path, the weight of the primary path, the secondary path,
and the weight of the secondary path.
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